Rest thallium-201 scintigraphy, radionuclide ventriculography and 24 hour Holter monitoring are acceptable methods to assess myocardial necrosis, performance and electrical instability. This study examined the relative value of the three tests, when obtained a mean of 7 days after acute myocardial infarction, in predicting I year mortality in 93 patients. Planar thallium-201 images were obtained in three projections and were scored on a scale of 0 to 4 in 15 segments (normal score = 60).
= 22).
Thus, rest thallium-2ot imaging performed before hospital discharge provides important prognostic information in survivors of acute myocardial infarction which iscomparable with that provided by left ventricular ejection fraction and Holter monitoring. Patients with a lower thallium score (large perfusion defects) are at high risk of cardiac death during the first year after infarction.
(1 Am Coil Cardiol1987; 10:25-32) cardial necrosis and residual ischemia. Previous reports (2, (15) (16) (17) (18) (19) (20) 27) have shown that rest thallium-20l imaging, radionuclide-derived ejection fraction and 24 hour ambulatory electrocardiographic (Holter) monitoring are important predictors of prognosis. However, these studies did not compare the relative value of the three tests in the same group of patients. This study was therefore designed to compare prospectively the relative value of predischarge rest thallium-20 I imaging, radionuclide left ventricular ejection fraction and 24 hour Holter monitoring in predicting 1 year survival after acute myocardial infarction.
Methods
Study patients. The study group comprised 93 consecutive survivors of acute myocardial infarction, 62 men and 31 women aged 33 to 83 years (mean 64). who underwent rest thallium-201 imaging, radionuclide angiography and 24 hour ambulatory ECG monitoring before hospital discharge a mean of 7 days (range 4 to 21) after acute myocardial infarction. We excluded 39 other patients with acute infarction during the same time period because they had ()n5-I097/~7/$3.S0 SURVIVAL AFrER ACUTE MYOCARDIAL INFARCTION lACC Vol. 10, No. I July 1987:25-32 thrombolytic therapy (n = 12) or incomplete tests (n = 27 ). There were no differences between the study patients and those excluded in age, the presence of Q wave infarction, anterior location of acute myocardial infarction, peak serum creatine kinase level, left ventricular ejection fraction or subsequent events (Table 1) .
The diagnosis of acute myocardial infarction was based on the presence of at least two of the following criteria: prolonged ischemic chest discomfort, characteristic changes in serum creatine kinase, MB fraction (MB CK) levels and characteristic ECG changes. Blood for cardiac enzyme determination was drawn every 6 hours in the first 24 hours and daily for 2 days thereafter. The MB CK level was measured quantitatively by the immunoinhibition technique (Boehringer Mannheim Diagnostics). The results of thallium imaging or radionuclide angiography were not used to establish the diagnosis of acute myocardial infarction.
Thallium-201 myocardial scintigraphy. Planar thallium-201 myocardial scintigrams were obtained at rest in three projections (anterior and 30°and 65°left anterior oblique) 20 minutes after the intravenous administration of 2.0 mCi of thallium-20t. Delayed (or redistribution) images routinely obtained 4 hours later were not used in the analysis. The technique for imaging and processing has been previously described (34) (35) (36) . Thalliuin-20 1 left ventricular myocardial uptake was scored in five segments in each projection for a total of 15 segments on a scale of 0 to 4 as follows: o = no uptake (or equal to background); 1 = severe decrease; 2 = moderate decrease; 3 = mild decrease; and 4 = normal uptake. The score was applied to each of the 15 myocardial segments for a maximal (normal) score of 60.
It should be noted that in some patients thallium-2ot perfusion defects may reflect in addition to necrosis, areas of ischemia, myocardial infiltration and even metabolic abnormality.
Radionuclide ventriculography. Radionuclide angiography was performed at rest by means of the first pass technique and a computerized multicrystal gamma camera (Baird Atomic System-77) equipped with a 1 inch (2.54 em) parallel hole collimator positioned anterior to the precordium. The technique for measuring the ejection fraction has been previously described (37) . Wall motion was analyzed but was not specifically addressed in this study.
Ambulatory ECG monitoring. Ventricular arrhythmias were quantified by means of a two channel (modified leads V I and V5) 24 hour ambulatory ECG recording system.
High and low risk groups. For the purpose of analysis and to stratify patients into high and low risk groups, the following definitions were used: patients were considered to be in a high risk group if they had a thallium score :::::45 (representing at least a moderate perfusion defect in onethird of the left ventricular myocardium), ejection fraction :::::40% or complex ventricular arrhythmias defined as the presence of ventricular tachycardia (three or more consecutive premature ventricular complexes, paired ventricular complexes or 2: to ventricular premature beats/h). Conversely, patients were considered to be in a low risk group if they had a thallium score >45, ejection fraction >40% or no complex ventricular arrhythmias.
Follow-up. Follow-up was complete on all patients and was obtained by means of telephone interviews. All events were verified by review of hospital or physicians' records or by interviews with family members who witnessed the event. In this study, a cardiac event was defined as cardiac death, sudden or nonsudden; death was considered sudden when it occurred during sleep or within 2 hours of the onset of symptoms. The duration of follow-up was the time, in months, that elapsed between the date of acute myocardial infarction and date of follow-up or the occurrence of an event. For the 19 survivors of acute myocardial infarction who subsequently had either myocardial revascularization (14 patients) or nonfatal myocardial infarction (5 patients), the duration of follow-up was censored at the time of these events. (Nonfatal acute myocardial infarction and myocardial revascularization were not considered events in this study. )
Statistical analysis. The BMDP statistical software was used for analysis. Comparisons were made using the anal- 
Results

Patient characteristics.
Of the 93 patients with acute myocardial infarction, 30 (32%) had a history of previous myocardial infarction, and 52 (56%) had prior angina pee- toris. Q waves were present in 49 patients (53%). On ECG, the acute infarction was anterior in 35 patients (38%). The left ventricular ejection fraction was ::;40% in 51 patients (55%). the thallium uptake score was ::;45 in 33 patients (35%) and complex ventricular arrhythmia was present in 36 patients (39%).
Clinical outcome. At a mean follow-up time of 6.4 ± 3.4 months (range 0.3 to 12) there were 15 cardiac deaths, 5 of which were sudden. The pertinent data on 78 survivors and 15 nonsurvivors are given in Table 2 . There were no significant differences in age, gender, history of prior myocardial infarction, pulmonary rales, third heart sound, presence of Q waves, anterior location of the infarction, heart Table 3 . The peak creatine kinase level was < 1,000 U/liter in 5 patients, the left ventricular ejection fraction was :::;40% in 13 patients, the thallium score was :::;45 in 13 patients and complex ventricular arrhythmia was present in 12 patients; 10 of the 15 deaths occurred in the first 6 months after acute myocardial infarction.
Comparison among the three methods. Cox survival analysis showed that the left ventricular ejection fraction, thallium score and ventricular arrhythmia were important predictors of survival by univariate analysis, whether these variables were dichotomized or used as continuous variables. By multivariate analysis, the thallium score was the only important predictor of survival; the other variables did not provide independent information (Table 4) . When the results of thallium-20 1 imaging, ejection fraction and Holter recordings were not included in the analysis, survival was not significantly related to the presence of Q wave myocardial infarction, anterior location of infarction, pulmonary rales, third heart sound or peak creatine kinase serum level. Actuarial life table analysis showed a significant difference in survival of patients with a left ventricular ejection fraction :::;40% compared with those with an ejection fraction > 40%, patients with a thallium score :::;45 compared with patients with a score >45 and patients with complex ventricular arrhythmia compared with patients without such arrhythmia ( Fig. 1 and Table 5 ). The thallium score provided a discriminating power similar to that of combined left ventricular ejection fraction and Holter monitoring (chi-square = 21 versus chi-square = 22 using Mantel-Cox statistics, respectively). The difference between the high and low risk groups was even more striking when the results of thallium score, ejection fraction and ventricular arrhythmia were combined. For example, in the 29 patients with an ejection fraction >40%, thallium score >45 and no complex ventricular arrhythmia, the survival rate was 100% at 12 months whereas in the 18 patients with an ejection fraction ::;=40%, thallium score :::;45 and complex ventricular arrhythmia, the 1 year survival was 44% (Fig. 2) .
Using different thresholds for the ejection fraction and thallium score did not change the conclusions. For example, a threshold of 40 for thallium score resulted in a mortality rate of 40% (6 of 15 patients) in the high risk group and 11.5% (9 of 78 patients) in the low risk group (chi-square = 11.5, P = 0.0007). Using an ejection fraction threshold of 30% resulted in a mortality rate of 37.5% (12 of 32 patients) in the high risk group and 5% (3 of 61 patients) in the low risk group (chi-square = 17.9, P < 0.0001).
Finally, using an ejection fraction threshold of 35% resulted in a mortality rate of 32.5% (13 of 40 patients) in the high risk group and 4% (2 of 53 patients) in the low risk group (chi-square = 14.9, P = 0.0001). The chi-square of the ejection fraction was still lower than that of the thallium score (Table 5 ). 
Discussion
General scope of the problem. The prognosis of patients with acute myocardial infarction depends on extent Abbreviations as in Table I. myocardial infarction grouped according to functional classification.
Thallium-2Ot imaging. The few studies that have examined the prognostic value of rest thallium-20l imaging have concluded that this imaging technique provides complementary information to that provided by the ejection fraction. The results are not unexpected because the size of the thallium perfusion defect is a semiquantitative measure of myocardial necrosis; there is an inverse relation between defect size and ejection fraction (36) . Unlike the ejection fraction, however, the thallium defect size is relatively independent of changes in loading conditions, the effect of medications and the compensatory hyperkinesia in remote normal segments. It is possible, however, that perception of wall thickness and uptake is affected by contractility and motion by the partial volume effect. Further it appears that for a given size of perfusion defect, the ejection fraction is the same irrespective of the site of perfusion abnormality (anterior versus inferoposterior) (36) . Notwithstanding that a true defect can be perceived with unequal facility, depending on location, the ejection fraction may be underestimated in anterior infarction and overestimated in posterior infarction because of attenuation.
Present study. Our study was designed specifically to compare the prognostic value of predischarge radionuclide ejection fraction, 24 hour Holter monitoring and rest thallium-20l imaging. Previous studies have evaluated only two of three tests in a given patient group. The results showed that by univariate survival analysis, all three techniques provided important prognostic data, but by multivariate analysis, thallium imaging was the only important predictor of prognosis; the ejection fraction and Holter monitoring did not provide additional data. The results were consistent when the data were analyzed as continuous variables or when they were dichotomized. In fact, the thallium score discriminated between high and low risk groups as well as did the combined ejection fraction and Holter monitoring.
As in previous studies, nonsurvivors were more likely to have a history of previous infarction, rales and higher cardiac enzyme levels, although the difference did not reach statistical significance in this study, probably because of the small number of patients. Also our patients were preselected 12 9 6 of myocardial necrosis and residual ischemia. Recent studies (38) (39) (40) (41) (42) (43) suggest that clinical variables that reflect left ventricular dysfunction, such as history of previous myocardial infarction, advanced New York Heart Association functional class, advanced Killip class, rales and cardiomegaly, are major determinants of mortality during the first year after acute myocardial infarction. The prognostic importance of complex ventricular arrhythmias independent of left ventricular dysfunction is not consistently documented (44) (45) (46) (47) (48) (49) . Other variables have also been shown to have prognostic significance (50) (51) (52) (53) (54) (55) (56) (57) (58) (59) . These variables are based on electrocardiographic (such as QRS score). hemodynamic, echocardiographic, scintigraphic, enzymatic, exercise and coronary arteriographic evaluation.
Left ventricular ejection fraction. One of the most widely used variables in recent years to assess the degree of left ventricular dysfunction has been the radionuclidederived ejection fraction. Several studies (40, 55, 56) have shown the ejection fraction to be a more important prognosticator after acute myocardial infarction than the traditional clinical, electrocardiographic or enzymatic estimates of infarct size and left ventricular dysfunction. Other studies (60, 61) have shown the limitations of bedside evaluation in predicting left ventricular function in patients after acute myocardial infarction and those with stable angina pectoris. Abrams et al. (19) showed that there is a considerable overlap in left ventricular ejection fraction in patients after acute :25-32 because they had to survive the first week of hospitalization and to have all three tests before hospital discharge. Previous studies. Our findings are in agreement with those of Perez-Gonzalez et al. (15) , who performed infarctavid imaging, thallium-201 imaging and blood pool scintigraphy in 62 patients during hospitalization for acute myocardial infarction. They found that the largest measured infarct or perfusion defect and left ventricular ejection fraction were related to late prognosis at 16 months after the event. Thus, 61% of patients with scintigraphic infarct size 225 em? and a perfusion abnormality 235% died, whereas 93% of those with smaller abnormalities survived. All of their studies were performed within 10 days of the event (most within 4 days), and 66% of patients had all three scintigraphic studies. The size of the scintigraphic perfusion abnormality was a better predictor of congestive heart failure or cardiac death. Other clinical and laboratory indicators were less reliable in predicting prognosis. In a subsequent study, Botvinick et al. (16) assessed the three scintigraphic variables (blood pool imaging, thallium-20l imaging and infarct-avid imaging) in a group of 25 patients with acute myocardial infarction and found the thallium-20l abnormality to be the best predictor of events. Becker et al. (2) examined the value of early thallium-20l myocardial imaging and radionuclide angiography in 91 consecutive patients with acute myocardial infarction. They found that a large thallium defect score predicted high risk patients with a 6 month mortality rate of 64%, that an ejection fraction :535% predicted a 6 month mortality rate of 60% and that the thallium score was a better predictor of mortality than was the ejection fraction. Becker et al. (2) and Silverman et al. (27) performed thallium-201 imaging within 15 hours after acute myocardial infarction. In contrast, the thallium images in our study were performed before hospital discharge a mean of 7 days after the event. Thus, thallium-20l scintigraphy appears to be predictive of outcome regardless of its timing relative to the onset of acute myocardial infarction. This is in agreement with the findings of Botvinick et al. (16) .
Nonfatal cardiac events were specifically addressed by Dwyer et al. (17) , who reported on 866 patients who had sustained acute myocardial infarction and were followed up for 12 months. They obtained clinical data, left ventricular ejection fraction, 24 hour ambulatory ECG recording and, in 76% of patients, low level exercise tests. An ejection fraction <40% and angina after discharge from the coronary care unit predicted patients at high risk for rehospitalization and associated mortality.
The prognostic value of early radionuclide imaging was examined by Ong et al. (7) in 222 patients with acute myocardial infarction in Killip classes I and II. They found that an ejection fraction <30%, the percent of abnormal contractile regions on radionuclide ventriculography and the size of the thallium-20l defect were significant predictors of 30 day mortality. Bigger et al. (3) studied 100 patients with acute myocardial infarction and found that the blood urea nitrogen, the creatine kinase level and the presence of left ventricular failure in the coronary care unit selected a high risk subset of patients with a 55% mortality rate at 6 months. The significance of cardiac enzyme levels in predicting prognosis depends on the frequency and method of creatine kinase measurements, on the contribution of the right ventricle and perhaps on the variability in the concentration of creatine kinase in previously normal versus diseased myocardium (62) .
Relation of ventricular arrhythmia and mortality. Madsen et al. (18) studied 766 patients <70 years of age with acute myocardial infarction. They found that three variables were related to total mortality and to deaths caused by arrhythmias: left ventricular ejection fraction <30%, runs of ventricular premature beats and three or more premature ventricular beats/h. The ejection fraction was a better predictor of early mortality «6 months) and the presence of ventricular arrhythmias was a better predictor of late mortality (>6 months). Olson et al. (5) performed radionuclide ventriculography and 24 hour Holter monitoring in 115 patients with anterior myocardial infarction at hospital discharge and found high risk patients with complex ventricular arrhythmias and left ventricular ejection fraction <40% to have a 40% mortality rate at 1 year, whereas low risk patients (those without arrhythmias and with an ejection fraction 240%) had a 2% mortality rate. Davis et al. (4) studied 940 survivors of the initial hospital phase of acute myocardial infarction and found that anterior location of acute myocardial infarction, left ventricular dysfunction in the coronary care unit and ventricular arrhythmias identified a high risk subset of patients with a 3 year survival of 70%, whereas the absence of this combination predicted a low risk subset of patients with a 3 year survival of 94%. Rapaport and Remedios (1) reported on 139 patients with acute myocardial infarction who had 24 hour Holter monitoring before hospital discharge and found that complex ventricular arrhythmias (Lown classes 3 to 5) were very important predictors of death.
Limitations of the study. Potential limitations of the present study need to be discussed. First, rest, not exercise, thallium imaging was performed. Although exercise thallium imaging has been shown to have important implications after acute myocardial infarction, predischarge exercise testing may not be feasible or safe in almost half of the patients. Exercise studies may improve the predictive power even better than rest studies and may be useful in identifying patients at risk for reinfarction or other nonfatal complications by demonstrating areas of residual or remote ischemia (50) . Although ischemia has been demonstrated on rest thallium imaging, this finding is much less than that observed during exercise (35) . Also, our patients were preselected because only patients in whom all three studies were available were included (thallium imaging, radionuclide angiography and Holter monitoring); patients with thrombolytic therapy were excluded and patients who did not survive the early postinfarction period were not studied. Thus, our study may not apply to the 10 to 15% of patients with acute myocardial infarction who may die before hospital discharge. Clinical implications. Previous studies have shown that rest thallium-20 I imaging performed within the first 24 to 48 hours after acute myocardial infarction is an important predictor of subsequent events. The current study demonstrates that rest thallium-20I imaging performed before hospital discharge is an important prognostic tool in predicting mortality in the year after acute myocardial infarction. Because the three variables examined in this study do not assess the presence or absence of myocardial ischemia, their relative prognostic value was examined only in relation to mortality. The prediction of ischemic events such as angina pectoris, unstable angina, nonfatal myocardial infarction and the need for myocardial revascularization requires predischarge exercise testing preferably in conjunction with a nuclear imaging modality to determine the presence of periinfarction ischemia and remote ischemia and to assess the extent of jeopardized myocardium.
The implication of these findings in the management of individual patients is speculative. In our opinion, patients at low risk of death and ischemic events do not require further invasive evaluation and should be encouraged to resume a normal productive life style. The patients at high risk may require cardiac catheterization and coronary angiography if there is evidence of myocardial ischemia and conceivably a subset can be identified who will benefit from myocardial revascularization. In the remaining patients aggressive control of arrhythmias is essential. The safety and benefit of beta-receptor blocker therapy or myocardial revascularization in other subgroups require further studies.
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